Publication No, JPQ8-2545Q1A 

Name of invention : Method and Apparatus for Visual Inspection 
[Abstract] 

[Purpose] In the judgment algorithm of conventional test equipment, the rate that an 
experiential element occupies was large to creation of a judging standard, and needed a 
great labor and time for it. 

Furthermore, it was difficult to apply the incorrect- distinguished data to be examined to a 
next inspection. Then, it aims at creating the standard which can perform the optimal 
judgment efficiently using a lot of data by what a statistical procedures is used for. 
Constitution: The usual inspection mode and teaching mode are installed in test equipment. 
In teaching mode, a judging standard is created by the discriminant analysis used with 
sample data as a pretreatment. Next, it moves to inspection mode and inspects by the 
judging standard. And it teaches about the parts which produce an incorrect judging, and 
adds to sample data, and a judging standard is created again. 

[Claim 1] In the visual-inspection equipment which forms the image pick-up equipment 
which picturizes an inspected object, and generates the code which shows the condition of a 
front face to be examined for each pixel by detecting the reflected light from the inspected 
object, the visual-inspection method is characterized by creating plurality indices which 
show the above-mentioned condition to be examined from the code, and asking for the 
discriminant function which separates between the categories based on the indices by 
teaching the index value which should belong to each of the category concerned according to 
the category for sorting out the inspected object beforehand decided in teaching mode. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the visual-inspection equipment which forms the image 
pick-up equipment which picturizes an inspected object, and 
generates the code which shows a condition to be examined to each 
pixel which incorporates the reflected light for inspected and . 
constitutes an image to be examined with this image pick-up 
equipment Two or more indexes which show the condition for [ said ] 
inspected from the code which shows said condition are created. The 
visual-inspection approach characterized by asking for the 
discriminant function which separates between said categories based 
on this index by teaching the index value which should belong to each 
of the category concerned according to the category for sorting out 
the subject of examination beforehand decided in teaching mode. 
[Claim 2] In visual-inspection equipment, the image pick-up equipment 
which picturizes an inspected object is formed. With this image pick- 
up equipment Incorporate the reflected light for inspected, generate 
the code data which constitute an image to be examined and in which 
the condition of a front face to be examined is shown for every pixel, 
and it sets in teaching mode. By classifying said code data which the 
inspection result category understands beforehand according to this 
category, ask for a discriminant function and it sets to the verification 
mode. The visual-inspection approach characterized by having 
assigned the index value which might be based on said code to said 
discriminant function, having carried out the distinction classification 
for every category, incorporating the data concerned as sample data 
and carrying out teaching further when a misjudgment exception 



occurs. 

[Claim 3] In visual-inspection equipment, the image pick-up equipment 
which picturizes an inspected object is formed. With this image pick- 
up equipment The reflected light for inspected is incorporated and the 
code data which constitute an image to be examined and in which the 
condition of a front face to be examined is shown for every pixel are 
generated. With these code data In the test equipment classified into 
two or more categories which were able to define the subject of 
examination The discriminant function with two or more indexes of 
being based on code data aiming at determining whether to belong an 
object for any of two or more categories being based on said code 
data is inspected. Option with the verification mode and teaching 
mode is attained as an operating condition of test equipment, and it 
sets in teaching mode. By teaching the code pattern beforehand 
classified according to two or more categories Classification 
processing is performed with the discriminal coefficient which made 
the multiplier automatic decision of the discriminant function for 
classifying these into two or more categories, and was determined in 
the verification mode. The visual-inspection approach characterized 
by enabling correction of a multiplier by teaching further with the 
classified this code pattern in the verification mode if needed. 
[Claim 4] Form image pick-up equipment in the space which meets 
the solder side of an inspected substrate, and two or more steps of 
light sources annularly arranged centering on the optical axis of this 
image pick-up equipment are arranged. Switch the lighting by this light 
source for every stage, irradiate towards a solder side, and the 
reflected light of a solder side is incorporated with said image pick-up 
equipment. The brightness ratio generates the include-angle code 
data corresponding to the include angle on the front face of solder of 
said inspected substrate. A teaching means to create the distinction 
criteria which create the index which shows the condition on the front 
face of solder, ask for a discriminant function with this index, and are 
classified according to a judgment category from this include-angle 
code data, Visual-inspection equipment characterized by having a 
means to substitute the index created from said include-angle code 
data for the discriminant function for which it asked with this teaching 
means, and to classify according to a category. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention performs efficient and objective 
creation of the criterion of a subject of examination (for example, 
condition of soldering) especially in substrate test equipment (for 
example, level difference lighting type soldering visual-inspection 
equipment) about the approach and equipment which inspect the 
condition of soldering according to the appearance of the mounting 
condition of central components. 
[0002] 

[Description of the Prior Art] It goes across the applicable field of 
visual-inspection equipment variably, and it has various things also 
about an inspection method. For example, the mounting condition of 
the electronic parts on the printed circuit board to which densification 
and diversification are progressing recently, the visual-inspection 
machine of a soldering joint, etc. are the example. 
[0003] At the mounting process of the printed-circuit board used for 
electronic equipment, in order that the quality of the soldering part 
which joins the electronic parts carried on the substrate may 
influence product reliability, improvement in working capacity, 
automation of the soldering visual inspection aiming at activity quality 
reservation, and mechanization have become common. 
[0004] As an example of such visual-inspection equipment, there is 
level difference lighting type soldering visual-inspection equipment. 
Radical Motohara ** is shown in JP,5-21403,B about level difference 



lighting type test equipment itself, for example. 
[0005] The image of the luminance distribution corresponding to a 
number of include angles of the light source which are equivalent to 
the image pick-up equipment installed up at a part for the number of 
stages of the light source is obtained by this changing the light source 
installed in the include angle from which plurality differs, and making 
the light switch on. Here, the data in the solder side of components 
can be specified by teaching beforehand the components location and 
land location on a substrate. By comparing two or more image data 
within the limits of this about the same pixel, the tilt angle on the 
front face of solder in that pixel is computed. 

[0006] The test equipment which inspects the condition of soldering is 
introduced to JP.4-301 549,A, JP,4-34601 1 ,A, JP,5-301549,A, JP.6- 
66528.A, etc. using the image information which switched and obtained 
such level difference lighting. 

[0007] By the way, not only the level difference lighting test 
equipment explained above but the approach of the criteria creation 
for distinguishing in some categories which show the mounting 
condition of inspected components which was being performed 
conventionally Based on the code data with which the skilled operator 
was given as mentioned above The description of distribution of a 
code of appearing in common with components belonging to each 
category, such as lack of the amount of solder, excess, deficiency, 
non-solder, and an excellent article, is investigated and examined. 
Algorithms, such as a method which chooses a thing with the 
description, and a method distinguished applying several kinds of the 
description and applying to a screen, were created. However, even if it 
was the criterion which carried out in this way and was created, as a 
result of inspecting according to this, the rate which produces a 
misjudgment exception may be high. When such, reconsideration of a 
criterion is required and needed the great effort. 
[0008] 

[Problem(s) to be Solved by the Invention] By the above creation 
approaches of a time limits/maintenance check, by the time it 
algorithm[ mathematization and ]-izes it, using as a criterion the 
description (namely, code distribution peculiar to each category) which 
can distinguish inspected components in the suitable category which 



shows the condition, much time amount, an effort, and experience will 
be required, and will serve as a subjective judgment of an operator. 
The algorithm which compounds how many kinds of those elements 
not only in one more description, and is distinguished When (for 
example, a case so that it can judge if it combines with another 
criterion although deficiency and oversolder are undistinguishable in a 
certain criterion) is adopted When the sequence of the combination is 
taken into consideration or how many kinds of characteristic pattern 
of that category has appeared in coincidence, weighting as priority 
must be performed to each description value in many cases. A trial 
experiment estimates in many cases to perform the setup, and it has 
time amount and experience to make next criterion creation reflect 
the actually carried-out experimental result. 

[0009] In order that this invention may solve the above troubles, the 
objective criterion by statistical analysis processing is created, and 
improvement in an inspection rate and precision is aimed at [ as a 
result ] for the purpose of making it make the data according to 
misjudgment reflect in the process of criterion creation. 
[0010] 

[Means for Solving the Problem] This invention forms the image pick- 
up equipment which picturizes an inspected object, it incorporates the 
reflected light for inspected, generates the code which shows a 
condition to be examined to each pixel which constitutes an image to 
be examined, creates two or more data in which many properties, 
such as a configuration for inspected and a condition, are shown from 
this include-angle code, i.e., an index, and, thereby, creates distinction 
criteria with this image pick-up equipment using discriminant analysis. 
[0011] In case the above discriminant analysis is used, the category 
for sorting out a subject of examination beforehand is defined, and the 
discriminant function which can separate between categories the 
optimal based on teaching the sample data of a large number which 
should belong to each of the category, and its data is created. 
[0012] A new object is distinguished using this discriminant function. 
Furthermore, it enables it to build into sample data the data of the 
object carried out the misjudgment exception. 
[0013] 

[Function] using the discriminant analysis which is one of the 



multivariate analyses — statistical — a lot of data — a short time — 
and treating objective is possible and reduction of costs can be aimed 
at. Moreover, on the occasion of renewal of a criterion, it can optimize 
more efficiently by adding the data which produced the misjudgment 
exception to the data for computing a discriminant function. 
[0014] 

[Example] The soldering test equipment previously explained as one 
example of this invention is explained below using drawing 4 and 
drawing 5 taking the case of level difference lighting type soldering 
visual-inspection equipment. 

[0015] Drawing 4 is drawing showing the basic system configuration of 
level difference lighting type test equipment, and, for 1-1, as for the 
Nakagami stage lighting and 1-3, upper case lighting and 1-2 are [ 1 / 
the Nakashita stage lighting and 1-4 ] lower-berth lighting systems in 
a ring-like illuminator. For the store with which the X-Y stage to 
which 2 moves the image pick-up equipment for image inputs, such as 
a television camera, and the substrate in which 3 carried inspected IC 
package 10, and 4 include the video signal of image pick-up equipment 

2, and 5 includes an A~D converter etc., and 6, as for a code 
generator and 8, a lighting transfer device and 7 are [ a trolley table 
control unit and 9 ] the recognition processing sections. 

[0016] In this test equipment, it has the annular light source 1 which 
has arranged the point light source for the optical axis of image pick- 
up equipment 2 to two or more steps as a core, and light is separately 
irradiated for every stage to the subject of examination on a 
substrate, and IC package 10. The substrate is carried on X-Y stage 

3, and it is possible to move into the visual field of an image input unit, 
and to inspect all subjects of examination. Here, in order to make an 
understanding easy, radical Motohara ** is explained based on drawing 
5 . As for the lead section and 102, in this drawing, 101 is [ the solder 
section and 103 ] lands. 

[001 7] Although the light irradiated from the light source is reached 
and reflected in a solder front face etc., as for the light irradiated from 
the same include angle as everyone knows, the reflective direction 
changes with differences in the tilt angle of a reflector. When it puts in 
another way concretely, as for the light from whenever [ angle-of- 
elevation / of the upper case lighting 1-1 ], a reflector will be evenly 



reflected up at the time of a near include angle, and the light from the 
low include angle of the lower-berth lighting 1-4 will be reflected up at 
the time of an include angle with the reflector near 45 degrees. The 
image of the luminance distribution corresponding to a number 
equivalent to a part for the number of stages of the light source of 
include angles of the light source will be obtained by the image pick- 
up equipment installed up by changing return and the light source 
installed in the include angle from which plurality differs as mentioned 
above to drawing 4 , and switching it on. Here, the data in the solder 
side of components can be specified by teaching beforehand the 
components location and land location on a substrate. By comparing 
two or more image data within the limits of this about the same pixel, 
the tilt angle on the front face of solder in that pixel is computed. 
[0018] In this way, the computed include angle is expressed as an 
include-angle code of 1-8 sequentially from a low include angle. 
Drawing 3 and drawing 6 explain this. Drawing 6 is the external view 
which looked at the solder section to be examined from the slanting 
upper part, and shows drawing classified into this in the shape of a 
matrix. Drawing 3 shows the include-angle code given corresponding 
to this matrix. 

[0019] (In addition, there is no mutual relevance in drawing 3 , the 
matrix number of partitions of drawing 6 , and a code.) That is, the 
value of the include-angle code shown in the example of drawing 3 
does not show the condition of the example shown in drawing 6 . 
Moreover, the matrix number of partitions is not in agreement. 
Drawing 1 is a flow chart for explaining one example of this invention, 
and is actuation performed in the recognition processing section 9 of 
drawing 4 . Moreover, the hardware configuration of the soldering 
visual-inspection equipment used for explanation of the following 
examples is shown in drawing 4 . 

[0020] In addition, the technique to ** which decomposes an image to 
be examined for every pixel, and gives the code according to the 
condition of the pixel, i.e., the include angle on the front face of solder, 
to each pixel is common knowledge as it was expressed previously. 
[0021] Two or more explanation variates discriminant analysis 
indicates many of the properties to be here to the candidate for 
distinction summarized for every category of a certain (they are the 



various elements for collecting into an index and homonymy, i.e., each 
category) It is the approach of distinguishing to which category a new 
object belongs from the value of these indexes based on the data 
(sample) of the past obtained for every category in which it is related 
that the include angle on the front face of solder is equivalent to it in 
the case of this example, and that condition is shown (prediction). 
[0022] In distinguishing as an example the object which consists of 
two categories (for example, an excellent article and deficiency), 
based on the sample data brought together in both categories, the 
average of both categories, distribution, a covariance, and a 
correlation coefficient are computed, and it calculates the distance 
from the center of gravity of both the categories of the sample newly 
obtained using this. Here, considering the case where the distributed 
covariance matrix of both categories is equal, the miracle of the point 
that the distance from a center of gravity is equal serves as a straight 
line. Then, it is the method which distinguishes to which category it 
belongs by making this straight line (a discriminant function being 
called below) into a boundary line. In this case, a discriminant function 
is Z=a1x1+a2x2+c... (formula 1) 

( — however, a multiplier, xl, and x2 are expressed with an index 
value, c is expressed with constant), and, as for z, z- 0 is defined as a 
boundary, as for a distinction score, and a1 and a2. 
[0023] In addition, the above discriminant analysis is explained to 
Modern mathematics company May 1, 1983 first-edition issue, Yutaka 
Tanaka, Kazumasa Wakimoto work "a multivariate statistics analysis 
method", etc. in detail. 

[0024] Next, this actuation is explained concretely. In the flow chart 
of drawing 1 , the whole is greatly constituted in the two modes. 
Namely, it is in the verification mode 1 1 for conducting inspection in- 
line [ usual ], and teaching mode 18 for extracting the data relevant to 
it in teaching various kinds of parameters with off-line ****. Since a 
hardware configuration top saves various data, it installs a database 
91 (refer to drawing 4 ). 

[0025] In inspecting by creating checking data newly, it creates the 
discriminant function first explained previously with teaching mode. 
[0026] Based on the flow chart of drawing 1 , this teaching mode is 
explained below. In the teaching mode 18, the code data on the front 



face of solder of inspected components as shown in drawing 3 are 
created by the code generator 7 with the method which carried in the 
substrate which the inspection result understands beforehand and 
made reference by the item of a Prior art to the components 
mounted. Substrate carrying in, code data origination 20. It asks for 
about dozens of kinds of indexes which are the variable which shows 
the description of the object which analyzes in statistics processing in 
the recognition processing section 9 from this code data from some 
kinds. Calculation 21 of an index. Here, this index is explained. It is the 
value drawn by the thing (for example, do n division of the whole code 
matrix, and the average of the code of each partition is calculated) for 
which code data as shown in drawing 3 as an index are processed, or 
the element (code) of each of matrices is adopted in a form as it is. 
[0027] Here, by explanation of the following examples, as an example, 
as shown in drawing 3 , it divides into two equally in the straight line P 
which shows code data by the dotted line, and the case where it 
distinguishes by making the average into an index value is explained. 
Two kinds of indexes will be created by two division into equal parts 
(if it is n division into equal parts n kinds of indexes). In addition, the 
class of category which asks for whether a matrix is divided in what 
kind of location or a rate is carried out determines. 
[0028] As the dotted line P of drawing 3 shows as an example of two 
division into equal parts, when dividing code data up and down, the 
arithmetic mean of the code of the pixel contained about each 
partition of the divided bottom 31 and the bottom 32 is calculated. 
Now, the average of the bottom 32 is expressed with variable x2 for 
the average of a top 31 to a variable x1 and this appearance. Thus, it 
accumulates for every category which shows the mounting condition 
which defined the computed index value in order to classify as a 
judgment result beforehand. Instruction of a category and sample are 
recording 22 are performed. 

[0029] In this example, the number of indexes is two and a category is 
taken as an excellent article and deficiency. That is, since an excellent 
article and deficiency understand beforehand the components to be 
examined at the time of teaching, the index value (x1, x2) in an 
excellent article and the index value (x1, x2) in deficiency will be 
accumulated. This actuation is repeated until the sample data of 



amount sufficient about all categories (it is two in the case of an 
example) gather. A measurement size is optimum dose 19. 
[0030] Next, it is said one formulaa1a2 by using the technique of the 
discriminant analysis which is one of the multivariate analyses 
previously described using the collected sample data. — It asks for c. 
Calculation 24 of a discriminant function. 

[0031] Creation of this discriminant function is explained using 
drawing 2 and drawing 7 . Drawing 7 shows the calculation 24 of the 
discriminant function of the drawing 1 flow chart more to a detail. In 
this discriminant analysis, the discriminant function (for example, the 
above-mentioned formula 1) which is a function for separating 
between all categories the optimal is calculated by distinguishing the 
sample code data constellations 33 and 34 (referring to drawing 2 ) 
classified and accumulated previously for every category. Two 
categories which show a mounting condition, the category of an 
excellent article, and the category of deficiency here When the 
average of the code which divides into two in middle the code data 
constellations 33 and 34 shown in the above-mentioned example, and 
is contained in each is distinguished by considering as an index (here) 
when the sample data given for every category is plotted on the two- 
dimensional flat surface which sets two shafts as x1 and x2, 
distribution as each category shows to drawing 2 shall be taken, if the 
distributed covariance matrix of both categories is equal A 
discriminant function (formula 1) serves as the straight line 35 which 
connects the point that the distance from the center of gravity of 
both categories as shown in drawing is equal, and the distinction score 
z (value which is the result of assigning an index value to a 
discriminant function, and shows a distinction result) serves as 
distance (with a sign) to this straight line from each point. In the case 
of this example, the category distinguished by the positive/negative of 
the value of a distinction score is determined. 
[0032] Drawing 7 is drawing showing the computation performed by 
the calculation 24 of a discriminant function. It asks for a discriminant 
function (a multiplier a1, a2 — , a constant c) by the computation 
shown in this drawing. 

[0033] This distinction score is saved. Preservation 25 of a distinction 
score. After performing the processing so far, it shifts to the 



verification mode 1 1 . It is 26 to the verification mode. 
[0034] In the verification mode 11, an index is similarly created with 
the method explained in teaching mode to new components each 
which is an inspected object. Calculation of an index, count 1 3 of the 
distinction score z. 

[0035] It determines whether to distinguish this index, i.e., a variable, 
to an excellent article and deficiency in which category, i.e., this 
example, by the distinction score z which may be substituted for a 
previous discriminant function. In the example of drawing 2 , it 
distinguishes by the positive/negative of a distinction score. In this 
example, as explained previously, when [ this ] an excellent article 
category is 34 and a deficiency category is 33 (refer to drawing 2 ), a 
delimiter is attached and it saves separately in a database so that it 
can specify which solder side of which component of the how many 
inspected substrate it is about the computed distinction score and an 
index value as coincidence. Preservation 14 of an index and a 
distinction score. About this, it is a deed about inspected components 
total. After the termination 1 2 of total. Termination 1 7. 
[0036] By the way, it may become clear after inspection that the 
distinction result of a certain inspected components is an error. In 
such a case, a discriminant function is reset in this example. That is, 
when it becomes clear that a distinction result is an error like the flow 
chart of drawing 1 and it is thought that resetting of a discriminant 
function (error distinction 15) is required, after the resetting 16 of a 
discriminant function, it moves to the teaching mode 18 again, the 
data carried out this misjudgment exception are searched with a 
previous delimiter out of the data which saved at inspection and 
coincidence ( drawing 1 flow chart 14), and it adds to the sample data 
of the category from which that component should be distinguished 
essentially. It is addition 23 to a sample about the data according to 
misjudgment. 

[0037] Next, processes including the added data until it computes a 
discriminant function are repeated, and a new discriminant function is 
created. Inspection is resumed with a discriminant function new after 
that at the verification mode. It becomes possible to make the data 
according to misjudgment reflect in the discriminant function created 
newly by this, and it becomes possible to attain optimization (if it to 



put in another way criterion) of this function. 
[0038] On the other hand, as a result of updating a discriminant 
function, when the inspection result to a new object is not good, it 
becomes possible by removing this to attain optimization. 
[0039] Although the category of a solder gestalt was made into two 
kinds, an excellent article and deficiency, in the above explanation in 
order to simplify explanation In soldering inspection of a flight model, 
the category of for example, a defect gestalt (1) lead deflection, (2) 
Location gap (3) oversolder, the lack of (4) solder, (5) lead length gap, 
(6) deficiencies, (7) non-solder, (8) lead float, and (9) components 
stand, it (1 1) 1 1 [ (10) lead strike slip and ] Gets wet, and there is a 
defect etc. Therefore, including (12) excellent articles, to make the 
above categories, it is necessary to ask for at least 1 1 kinds of 
discriminant functions so that the whole can be divided into the 
category of 12. In such a case, some approaches can be considered. 
As shown in drawing 3 previously explained to the 1 st, when the code 
data divided into two by the dotted line P are used the multipliers a1 
and a2 shown by said formula 1 — or By changing a1, a2, or a 
constant c, the category for which it asked by the discriminant of a 
dotted line 35 can be divided into two more categories with the 
discriminant function 36 shown in drawing 2 with an alternate long and 
short dash line, and it can also divide into four categories after 
teaching further. By dividing this into another category with still more 
nearly another discriminant function, asking for the category to need 
is possible. Thus, when it asks for a category hierarchical, the function 
of N- (N~1) / 2 is needed (N is the number of categories). 
[0040] In other examples, it increases and asks for the index which is 
the variable which shows the description of the object which performs 
analysis from the code data of the solder side of inspected 
components (for example, 12 kinds). Here, it draws by dividing the 
whole code matrix into six and calculating the average of the code of 
each partition. As the continuous line Q of drawing 3 shows as an 
example of 6 division, when dividing code data into two in the vertical 
direction at 3 and a longitudinal direction, the arithmetic mean of the 
code of drawing included about each divided partition is calculated. 
Each average is expressed with variable X11-X16. Thus, it 
accumulates every category of 1 2 which shows the mounting 



condition which defined the computed index value in order to classify 
as a judgment result beforehand. This actuation is repeated until the 
sample data of amount sufficient about all categories gather. Next, by 
distinguishing and giving the sample code data classified and stored 
previously every category of 12 as previously stated using the 
collected sample data 1 1 kinds which are the functions for separating 

between all categories the optimal (a1, a2 etc. are changed and 

they may be 11 kinds.) A discriminant function (formula 1:, however 
Variable x are set to x11, x12, x13, x14, x15, and x16) is calculated. 
Thus, the discriminant function for asking for 1 2 kinds of categories 
which show a mounting condition is computed. 
[0041] As a result of updating a discriminant function, when the 
inspection result to a new object is not good, the index which has had 
a bad influence on distinction is investigated, and it becomes possible 
by correcting and changing this to attain optimization. The above 
actuation is as having explained previously, ends teaching mode and 
shifts to the verification mode. 

[0042] In addition, although the example which used the level 
difference lighting system was explained in the above example in order 
to obtain the include-angle code data on the front face of solder If, as 
for the condition on the front face of solder, the condition is known, 
even if it will not be based on such a level difference lighting system 
[ be / of course / you / include-angle data ] If it is data which the 
situation of a solder side understands, it is clear from the explanation 
that you may be equipment using illuminators according to color, such 
as the usual illuminator, or R, G, B. 

[0043] Furthermore, this invention is visual-inspection equipment and 
a subject of examination is not restricted to a solder side. It cannot 
be overemphasized that it is used for checks of the mounting 
condition of a chip other than inspection of a solder side (for example, 
IC) etc. as it is. 
[0044] 

[Effect of the Invention] By the creation approach of the time 
limits/maintenance check of this invention, it is not necessary to 
algorithm[ mathematization and ]-ize it, not using as a criterion the 
description (namely, code distribution peculiar to each category) which 
can distinguish inspected components in the suitable category which 



shows the condition, and a criterion can be created, and the criterion 
which is not a subjective judgment of an operator can be further 
created like before, without needing much time amount, an effort, and 
experience. 

[0045] Since the criterion by this invention is an objective thing to 
depend on statistical analysis processing, it can be made to reflect in 
the process of criterion creation of the data according to 
misjudgment, as a result aims at improvement in an inspection rate 
and precision. 

[0046] As mentioned above, since statistical technique is purely used 
for this invention, the rate of dependence to an experiential element 
becomes low, and it can eliminate a subjective element as much as 
possible, and can reduce the rating which teaching takes. Moreover, a 
criterion is easily correctable. Processing of still a lot of data can 
carry out in a short time, and reduction of time amount can be 
expected. 



[Translation done.] 
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[M*b i ] E&g*tii£i§E-f seesb^isi-k 
REEsaicfcy. EEg*t&<»5i**£fty&«>'K b 

a-K*E****BB*«ai=isi*T. fjffittJB$* 
fa- m&&®£*i&<»ftmz**tii&®c>%® 
£ttEU x-<-^>^-Kizfci,xrfcf)^i:ftatt 

m± t a- y * izmt s << *nm £ »*-r a c «t 

[If*H2] ttEEggaicfclx-C. E8S*fE£l§ 
E-faBE£B£l9:(f. ^BEEBK=fcy. EE2**£ 

y a*. BE*tE<DiiB£ffiis-f -ssiiie 

Si::BS&E<D*®(Ol*E£;F?-a- Kf-: > £±J« 
U T-f-^>y*-Kl=*SLxTI*» ^ftEEISETJx 

El**HBr4C*l=J:y«MBB***>, ME Kl= 
fel^TI*. BEa- KI=»^#B&:KfcBBB*flE« 
BBBlcftAU ftr^'J-BlcBMEBU *6I=, 
E«S))!><£± Lfc*El=tt«BT— Sf «*>^t-* 

k l ria^ii^T -e > y-r « «* a e l t c t see 

B-fi>EBEB£Kif. tttMttm=j:y. EE2*r& 
0>RB**Bya*, BS*tE<z>ii«£«js-rs£iiE 

U Ra-Kx-*(=«*:y. BBttBSEft&fttcBE 

*©ft«*l»"3flg!lH**«***#lTfcy. Eggaro 
IMtttL T BE Ktf-f-f^t-Ktffle 

BEBtfEBifc-aTisy, f ki=jsi* 

Tli» «fl>if i'JHIWIMHiShfca - K/<# . 

-5 fc ttOBBHBoBB i Wttt1?«i4a 
KI=m*Tl*»6*ih.fcflHBBl= * 
EfrU EEI=BCBB*-KI=Elvctt#BLfca- 
K/ ^ - >tz J: y Ml-f- -r >7 1= <fc y ^StC<D^IE £ 

LfeEBtBBBEBU BEBI^tEBtBEBl:: 
Wy*jLTI±Afc*ffil=lRlltBSWL. WfflEBEBKJ: y 

ii&£BaEtt£tBya*. t-EEBECJ: ubbb 
**beu c©flg3-KT-**yi*A/eaai©«5 

B*«-*-»B«BBU ttft«l=J:yflMMk£*E. 



BfcREEBa- Kt-* * y ft* Lfc*tB£ftA U 

s*tBBSBB. 
[bundbbsbiw] 

[00 0 1] 

[BB±a>«ffl#B] *BSHI*, iiA,fc*tti-J-o>tfE£. 

*<£> t -r 5 BAaBBttBa*Bi= * o x be* § tj* 

JrRBKlB*-* Blc. gfcBggg (EAIiR 

BBEEIi&KttltftBBSRB) l=fel»T. BE*f£ 
(Ex I*. ttAEttttattB) 09EEEE0!>E«Ef o 

[0 0 0 2] 

[ftfcottffi] ^E««sa<ofEffl»Ei*#«i~gy. 

BB;MCI=onT*BBtt*a>*»E*. ExtfE 
EBBEfc. £Bfls:(><BBLTl*-6?y:/l»Bfi±«>B 
?BBa>BSBB*>. tt&£ttltttBB0»MM*£a& 

[0 0 0 3] BrttftCBBSiit^yvhEBEB® 
EEx«?tt. BE±C:ffBdiifeB¥BA£B**-« 
l*A/fc*ftE»fl!)ftEA»EftE«tt*S*-r*fcat). ftB 
B*a>E±*ftBABEB£BMiLf=s H^fcEEB 
EEOiEfl:. BBfc*«-Bfc LTi*4. 

[0 0 0 4] droJ^fcrtEBBEBO-E^LT, B 
SBtiBliAfe*ttlt*BBBBB*<fc«. 
ERB-t<0*<OI=oi.*TI*. **EE*<E^¥ 
5-2 1 A0Z\Z^^X\.^h. 

[0 0 0 5] Ctiliv E«<DE«Sflgl=EB**ifc^ 

E*EyE*r*«r***cti:J:y, ±*i-Ea**v 

glc*t«LfcEg»*fl)EEA<^f.ti*o czr% EE 

jt«)Eattaat;7>KEasfte)^i:*»*Lrfc< 

C k IC J; y . tR&o>\t/utmvoiT—$ f S - <t 
C0)EErt(DEE<DEEf J —S' *E-<0EE 
IzoorttETS sticky, -t(DB«l=fcltSI*A;*: 
EE<0E^ft$EdJ-r*. 

[oooe] ca)*o«EEEE*«yEjir»fcBE 

Eil*. 1#M¥4-3 0 1 5 4 9, 4 - 3 4 6 0 

1 1 . EM 5 ? 5-301 549. EFjSsp 6-665 28 

[0007] tzbv, a±ttE Lf=EEEEEEEB 
CEbf. Efcffotl*. EEEEA(0EEES$E 

-Kx-*$ttl=. l*A/fc*fi<0^£. EE. *A. * 
l*A/fc\ EAE. =&tf<D*Trzfy-lzS-r§gi5p 0 plcfta 
.LT«*i*a-KflJ»*©EE*E*-EEL. -£-(01$ 
EA<fc5t<0£EE-r5^S^. f (OEEEEBE^E 
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[0008] 

1J*LXt&®tf&%X'&<'). ftB«a±BM&H££& 
f=iSiQ£&5fl£g*^l*E8)-l?#fcl^ »)0)¥i|5££ 

1=1*. *-*(Dl#«rtil=WLT«jfelIfi4:LrO)l^ftlt 
l=ttltffll»l=*yff«*lT«t3»***<. H8?l=H 
«*Mfc«B«rt-*. 

[0 0 0 9] **WI*lWafl)«k?ftKIH^*»*-rSfc 
[0 0 1 0] 

[»i*»a-r*fc»fl>*«] *i&Hi*«&g*t£$i§ 
i»-ta««£g£i5ti-K K«#«si=«fcy, ttttsa* 

[00 1 1] ±a«)j:5<J, «M»«r*ffl^*BH4, fe 
-to— o- o <r> ii x a* y -izmt h <•< t > 
si=LT*x=ry-ra*fiBi=»!»-rs^i:<»T?#**ii 

[00 1 2] C©¥«9JHft£m^»fcfcWft<Dfl8J£ 
[00 13] 

l= J: y . tttm<ll=:*2<»T-* SfiBftRlcfroSBtt 
HWDt SCtl=J:y*|SSm<0M»rlcRSL-C, «B1b 



S*y»*J:<tT3Ci:4«T»#4. 
[00 14] 

[MKM LTJfel=KWLfcl*A,£ 

[0 0 15] B4l*KgfigwafcSgBtf>£*vX ; r.ix 
««£*-fB-i?. il*y>?#a>fSi88&-C*i-il*±K 
B8L 1 -2l*4>±|S:RgW, 1 - 3 li*TBM9L 1 - 

4i*TSifawsg-efti». 2i*xue*> : 7*a)ift«A 

*ffl<0S«S?g. 3l*««Sl c/<-;/>7— i>i o£JS« 
Lfc*B£»M-f SX-yxt— i 4li8Ht&B2 0) 
WMMt. 5i*AD*B»**#fcE1t*B, eiisaw 
7lia-K«fe*B. 8I*»»t— ^;um 

[00 16] ^ggMICfc^-Cli, S^gB20)3feffi 
t+Oi:Lr*»RI=<»lfca*E«Lfcatt©3lfcaii t 

*l. a«±o>&s*t#i. i c/<vy-vi oic^lt 
3±i=»«**ir»y» &ttStt*£fc*A*>ifcB0!>& 

wra. @ai::fci*-c. 1 o i ity-Kgp. 1021*1* 

A/f£fiB. 1 0 31*7^ KfiUUfc*. 
[0 0 17] Jt»«fcy!Bj|t**lfcjfel*, 

£*lfc3fcl*. E»B0«l»ft0>itlM::.fcy*©Rlt*Al 
4BftiT<S. it, ±RBBi -1 

*lcS***u T8BW1 -4<0ffiflgfrb0>*l*KS* 
®A<4 5° l=iSl^*©i:*l=±*l=RW**iSCtlc 

RB**ifc3HB««iyBS.Tj«JT***^i:l=J:y. -t 
*l=BB**ifcJ«MtBI=tt, 3*B«)B»»l=«a-r* 
»fl), «BO**l=»lttfc»«»*«)pB*<B6*i* 
CfclcfcS. S«±<D»SfiB&t;7>KfiB 
$&>t>fr£toWi7fiLXti<Zt\z£i)* apa<DI*X/f£B 

aBflfcx- 9 £ \sl-<DWmzr> l^X itWLt h Z t iz J: 

y. *<j)®m\zisifz>\*A,t£$m<r)&ftft£mtb+&o 

[0 0 18] C3LT»H**ifc***«*«fr&BI= 
ffljttf 1frb 8 OTftg^-Kt LTSS-TSo dtt^Bl 
W-f*<0A<B3 ti6tfcS. B6I*, «SS*t*(0l^ 
IW)±* * y Jlfc*fBH-C» C4xlc-7 h 'J v ^ X 
ttl=E»lt**ifcBS*LTL>S. B3l*C0>-7 h'J 
^XIz«(ELT4^.b*tfcftS3- KtsR-T. 

[0019] (#fc\ B3tB6©T hy <v^x»aa 

r*i*^i\ sfc, -7 h'j -y^x»aai*-aurL^«f 
1*. ) 
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-hr*. 04©giSffi8$9T?fffr*i£l!)ftT?fe4. * 

©/\- KOx7t8J^04|::;rLfc4.©-?fe-&. 
[0 0 2 0] ftfe, tt**t*©tt«£II*fcl::##U 

[00 2 1] CCT-, ^ISItttfil*. feS^xzf'J-r 

&&®<Dtaw&m imrntmm* *k?*i<d 

©«*l=l*liA,fc**Bi©ft*&«**il=*31-4) l=B L 

t, zmm&iiK+iJTiij-zkiz&ibtiTi^m* 

©t-$ W>7M lcg-3#. C*i 6 ©»»©«** 6 

«Tfc)i*»aA<i:©*x^'j-ic)a-r5A^s*jsii <*» 

[0 0 2 2] fltLt. 20©*T"=fy- (ffljLlifiS 
kX.8.) *&&&ttftl=oivcfia£fT?tt*l=l*. H 

x=f'J-©¥^. *MK. «BB»£UfflU C 

*iSffllvC*rL < »t>*ifc-9->^;u©il*x3"'J-©S 

<6**6©aiittnw-*. cct?, siaT=fy-©#» 

*#*ffH*«*UMi**#a.4i:. «.t>frb©SIlStj!>< 
*UtA©tHMi1If|J:&«. -f-C-C. Z©ttl« (BIT 
«9IH»t»-r) £«*ttiLTif%b©*T=fy-l= 

■r*^t*wi-r**a-e**. c©igs. wnmki* 

z = a 1 x 1 + a 2 x 2 + c ■ • • (SD 

2ttflHM. ettttk) 2 = o*<«stLr 

^ ©bii&, 

[00 2 3] fcfe\ Kl±©«k3<tWSI»«fl=o^-ci*. 
(ft) SftSk^tt 1 983$5fl1 BttKftfr. ffl+M 

■cos. 

[0 0 2 4] *l=Z©»ff$^t*:«l=ittWr5. 01© 
7P-ft-hl:fcUT, 2 0fflt-K"C 

Hrt*tiro*. -f as©-f ^'O-ewfcg 
*ff?fc«>©«a^-Ki it, ^^-o-e&g©/* 

4fc©©-r-f-f- >^~K1 8-efc-So /\— K«5x7 

[0025] «f«i=ttSfflx-^^/aLtt«$f7?a 

£1=1*. tt»l=r Kl= J: y*l=KWLfc 

«HB«*f&*-*-4. 

[0026] KITH ©7P— ^-V-H-g^t^f 

kkoivcimw-*. x-c-^vy^e- 

Kl 8lzfeL>T, fc&frt:©ttSlftJk6<#oTli*Stt 
tBAU HS**iTl^8Pp D Bl-*fLrfit*©ft(S©S 



©l*A,fc*gffi©3- Kt— 5" « a - K£ft«7 -Cftjft*- 
-5. MUM.. 3-Kf-9M2 0 0 C©u-Kt- 
$**b. ■BMBOK&lvC. BttASC&lvCftWr 

* f? ? tt&©ftta * * ltw £»t- fe * * mm 
a> &»+««««*© a. »«©*ai2i 0 cc-e. c 

©flMKoivc. »«fcL-CI4H3lciM-J: 
3ft3-KT-**ttI (fetalis 3-K7h'^^ 
±<*£ n ttfflL&EH©3- K©¥«Sfll*lt»r**) 

— sas* o-K) **©**©»-cw»i-f*. 

[00 2 7] WT©*Jfi«l|©l»WT7l*-#ltL 
t, @3lcS-f £51=3- Kt-$ £j5f$t?jS-fittlP 

l=OtxTKW*-*. 2»»l=*y. 2BB©flMlft<ftlft 
**l*Ci:lCii* (nH^-C?fc*llinfl9©JiS) o fc 

fc\ f©«k5ft&ST?7hy^x^ill-rSA\ fcSl* 

[0 0 2 8] 2lf^©«lJi:Lrl3©.^Pf*-rj:3 

3 1 &tfT»l3 2©fcK0l=olvC££*i4B*©3- 
K0>JMS¥*i*tHW*. ±«l 3 1 ©¥$<!££ 
Sx1. ^»l=Tffl3 2 ©¥£«!££» x 2 C 

©^^i^Lrsm^^fcjiSfiis. fc€.^cft*isim 

2 2£fr5. 

[0029] c(o^js«ijt?(*. t§isi*2as-c-. *x=r 

©. ftSI=fcltS»»fil (x1, x 2) . *SI=*5lt* 
f*»tt (x1. x 2) A<. BBfrfctCfcttrt. C© 
Hft«*TO*frf'J- (3IS6ei]©a^li2 0) 

>^;u»A<iISi9 0 

[0030] ;*ic ^©btifc-y^^ux— ?Sfi»t 

JfelZa^fc, ^^fi««T©-Ot?fci)«»l»«T©^jSS 
fflt^C4:lCj:y. fTSBSCl ©a 1 a 2-o£*fc«. 

*]»ina©giii2 4 0 

[003 1] C©i«SIHa©f^fiEl=Ol^, 02. 07 

^fflLNTitt^-rs. 071401 7n-^v-h©fl«B 

a©s;aj2 4Sj:ysaic*Lfc4.©-efc-5. c©¥ij»j 

33t34 (02#RS) %1}TZS')-ZklZZmt&C 

1 1= «k y . ±r © * t 3* >j -m z mm \z»mt * fc ©© 

Ha-Cfei.WSi|M» (#J^.lfS5i$©S i ) A<S+S**i 
4. SISttai$^-f 2o©*t^u- as© 
*fiu-t, *s©*x=fy-*, tris©«i=*Lfc 

3-K-r-*#3 3i3 4$4"IWT?2*MBU 
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£4i« n - K<D¥$fiI£ ft* i: "T 6 - 1 

1 Rtfx 2£2^<0»£t-£>2;*7c¥®±l-:?Dy h L 

fc. AMHft (3*1) I*00,fc5fcil*x=fy-a>m<i> 
b <7>S§8fft<3l LI^jS £ JS^itlg 3 5 & ft y . tMft A 

tfcS. caflau*. «5Ml#A<oll0>jEAi=j:y«sj 

[OO32]07 lift MMtftAtiJ 2 4 *5tl*tW 

Mfc (Ma 1 . a 2 », «ke) 
[0 0 3 3] CflffiMftAli&SLTifcKo A»l»j£<D 

K^2 6. 

[0 0 3 4] «tt*-Kl n?i*. »8S«*t£-e&s§r 

s^nta. fMMzotnii 3. 

[0035] :mtSi, -ffcfr*,. AKS&aflMHft 
i=ftAu»6*i4fl8H»jazi=*y. ivf*t<o*x^y 
-raft*.. *«Mii=fci^ri*Aa, *ai=*»A-r* 
02<7>0j-ei*. *ij»i»jSrojEfticj:y*i 

91. *l=l»WLfcJ:3l=. C©*««l:Jsi»-CI*. AS 
*X=fU— 1*3 4. *S*>T=Ty-l*3 3-Ufc* (02 
#88) C©fc*HB#l;. *tt£ftfefflMtAJ:iMM£ 

•AAAfcon-cm*. $S»0»7i 20)^„ UTi 
7, 

[0 0 3 6] fcC%T?fcS&. A«tt£LfeftAi::»M- 

T-fe-S c t *<« E L. (My «»J 1 5 ) *iJ9ll!a»<7)fS» 
JKMMlTftt £#*.b;h.ai§£. WilMkailRAl 
6<&&. Wfif--f-^>y*-Kl 8l=»y. CtOflWl 

M 4) LTtel^fcx-^©4»^b*<Dai»JE#l=J:y 
JH12 3„ 

[00 3 7] *K£lDLfcx-*££tf>T. flBJHMk* 

Km-rs*-e©ifi8*isyfiL. «rfc)&i|aisisa*ff* 

K-etrfe&iNSIHfti::* ytt<* 
SUITS, c roc tick y, IMA?-* AtrMKft* 
***WH»l=Att*1*4 = i*<Wfti:&y. BRA® 



[0 0 3 8] 4HMft*C*rLfel6A, Srfcfcfct 

y»< Ctl=J:ygaft$H-SCtA<nIt6t!Si.. 
[0 0 3 9] H±©KB*l*KW««*l::1-«fcftl=l* 

*ffl*<Di^fc*t*«*<D*ifi=i*. «*.tf*A»»a>a 
x=ry-i* d) y-K**<y. (2) eifti o> 

l*A/fc*«H, (4) lifcfcTfi. (5) U-hTO, 

(6) *s, (7) mtAitz. (8) y-Kj?#. 

(9) WS0>a*,. (10) 'j-Kfifh. (11) iS 
iMFA»*<*«. LfcA<-5t. ±Bfl)«fc3«f*xrf'J- 
£tt£ia£l* (12) AA£ft«K ±f*£i z<nii=r^ 

y-i.=im-e#**5ic, »(£i i«aa>«siA**» 

a.b*i£. »l KftlzKWLfcH 3 51=, A* 

PT?2#«Lfca-K-r-**ffll*fcii*l=l*. fflKsC 
ItSLfclSalfcWaZtKli. a1*fcl*a 
2tKI4Wlot«ti = il:J:y, B2l=-A« 

«-e«-r«HB»3 eick y. a«3 5<o*iaisc-c*ft 

fc*x=fy-^sElc20©*x3y-lc^lt. Eli. t 
-f-^ 4O<0*x^y-|Z»ltSCi:tr-# 

ltSCtl=J:y, &£i:T-5rt>=ry-£3Rftsc£;i>< 

RT(H-<?fc*. ca>,fc5l=»B«l=af-:Jy-**ftTl* 

ofc*^i=i*N ■ (N-i) /z<nms#&mti3.z> 
(Ni**T3'y-(oa) . 

[0 0 4 0] te<D«yT'l*M&SSR&<Ol^fc*®<D=i- K 

ft*»«*AL-C (fljLtf 12«SI) fA§„ CCT-I* 
a- KT h y ^X^ftS 6 »a L&EB<Da- K<0¥« 

**tt*-r«cfe»#aii-. 6»wa)«ijtL-c03(n 

3?fgQ-e^-TJ:3lca-KT ; -^$±T^|Sll-3. Sfi 

*rti=2»§rr««*» «-si$Hfc§Eiii-oixr^* 

filSSfeftX 11-X1 C(7)J;5lcLrgttJ* 
TL^<. C©»ftS±T<0*T^y-l=O^-C3t»ft* 

(D-y->^;U7 : -$A<S*i.*T?Siyii-ro Aftb 
tifc-9->^UT— 5> $ffltxTJtlci$-<fc fc fc y . 5fel=# 
■ ■ WILfc»>^*a-Kr-i >*1 2«)*x3*y- 
rtlzE9]LT#x-5Ci:lzJ:y. iT©*f3U -H 
^gjllC^S|-r4fcft(DSaT?fcSl 1«ffl (a 1 . a 

2. ■ • -««kMti laatt*. ) otMMk 

(5*1 : fcfc'L. Sftxlix 1 1. x12. x13. x 
14. x15. x16i45) WJiKS. CfflJ:? 
lcLT3lgttffi^*-ri 2a3I<0*^=ry-£3R«>5fc 

»«>«MBBa*jiaj-r*. 
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[oo4i] fljMMktxtr Ltz&%, mtztaumzn 

[0 0 4 2] BI±0)B1BBT?I*, l*A,fc**ffiO>a 

fia- Kt-* *B«fe«>l::K*BfiBB*ffll*fefl* 
S!«lfc4< ( li&££B0ttBli*a>RB6<#]Mil*ft 

atta>BB>fc«iMiR. G, B«a>&»B 
Bt>A>T?fci>„ 

[0 0 4 3] £&l=*«Btt. MUttttK-CfeV. 
I*. 

[0044] 

a-K»*) LT»SMk-TJU=fy;C.Mfc 



[0 0 4 5] **WI=J:S«3ES*l*«ft»«f«i3il=J: 
"CI*. 8ISi$lt£tS£a)|n]±£iat<BT-fcS„ 

[0 0 4 6] ia±, tmi=tttf^n«^ac£ 
m^feft. ««aw»i=*rt-4«#*ws<fcy. £ 
BM*K»*Ba«kvr*c x-f-^>^i= 

A<JSB#BT?fr ttWUDmHtflHftT! # *. 
[BBaBB&KB] 

[Bl] S&WflSSffiWD^Q-^V-K 

[12] *«BaBitff0f<MaaillBB. 

[03] JB£BW«S«lcfc(tS«>=i-K#fliB. 

[14] KSfSUBfcS&ttSlSBo 

[15] BSBBBSttaBSKBB. 

[16] BSBB«*£«l=&lft7 r>U?9XffJMB. 

[17] *BHfl>«M!fl>7n--**-h. 

[^©BIB] 
1 7 jgftgg 
1 8 jKBB 

1 9 $£*t& 

2 0 Sffi 

2 1 SJMfcOViM 



25Uh 




[13] 



Xu < 



p 

of 
x» 



1 3 4 5 5 T 7 5 

4 4 5 5 5 7 6 S 

5 5 5 5 7 7 5 5 
5 5 577555 
5 7 5 7 6 5 5 5 
7777 7555 


5 5 5 5 5 5 5 5 
5555 6544 
65655444 
7 5 5 5 5 4 14 
S 5 5 5 5 4 4 4 
65555444 


7 7 775455 
7 7 774444 
7 7 7 7 4 4 5 4 


44445444 
11445444 
11455444 


/ 1 7 7 7 4 5 5 4 
77777555 
77777555 


44455443 
55555444 
5 5 5 5 5 4 4 4 


57777555 
5 5 6 7 7 6 5 5 
55567755 
55556755 
4 4 5 5 5 7 7 6 
55555575 
, — * 


55555444 
7 6 5 5 5 4 4 4 
65655444 
55557444 
56555555 
7 5 5 5 5 5 5 5 



xr 



-3 I 



x M 



Xf 



'3 2 



X« 
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[H1] 



1 1 



Yes 



-{ttfrE- k) 




1 3 



1 4 



mm, nm&a&n 




1 7 




Yes 
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